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本论文选取 Ni 含量高的 LiNi0.8Co0.1Mn0.1O2为研究对象，对其合成与表面修
饰进行研究。本论文首先采用共沉淀法合成前驱体 Ni0.8Co0.1Mn0.1(OH)2，然后高
温煅烧出产品，通过优化合成条件，以获得类球形、电化学性能良好的






想的前驱体。氨水溶度为 3 mol·L-1，进料速度为 1 mL·min-1，反应温度为 55 ºC，
氢氧化钠溶液及金属离子溶液的浓度分别为 4 mol·L-1 和 2 mol·L-1，反应过程中
控制反应液 pH 值为 11.0。获得的前驱体与 LiOH·H2O 按摩尔比为 1:1.03 充分混
合，然后在氧气氛围下开始煅烧，先经过 480 ºC 预烧 6 个小时，再经过 750 ºC
高温煅烧 15 个小时，最终获得类球形 LiNi0.8Co0.1Mn0.1O2 正极材料。电化学循环
测试结果显示，在 3-4.3 V 工作电压区间，采用 170 mA·g-1 的大电流进行充放电，
首圈放电比容量为 170.6 mAh·g-1，50 个循环后的容量保持率为 88.9%；而在 3-
4.5 V 工作电压下，采用 180 mA·g-1 的大电流进行充放电，首圈放电比容量提高
至 195.5 mA·g-1，50 个循环后的容量保持率仅为 75.7%。 
第四章阐述采用沉淀法直接将 Mn(OH)2 沉淀在上述获得的氢氧化物前驱体
表面，再与锂盐共混，进行煅烧，以获得由 Li2MnO3 包覆的 LiNi0.8Co0.1Mn0.1O2
正极材料。研究结果表明，Li2MnO3 包覆层能够有效改善 LiNi0.8Co0.1Mn0.1O2 的
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mAh·g-1 充放电条件下，首圈放电比容量为 202.5 mAh·g-1，50 个循环后容量保持
率为 86.4%，而未经包覆处理的材料 50 个循环后的容量保持率仅为 75.7%。此
外，材料的界面也得到改善。DSC 数据表明：经过表面包覆后的材料放热量减
少，热稳定性得到提升。在空气中长时间放置后的材料的 FT-IR 和 XRD 测试结
果表明：Li2MnO3 包覆层可以保护 LiNi0.8Co0.1Mn0.1O2 免受空气中的二氧化碳侵
蚀，抑制电化学性能的恶化，使材料的贮存性能得到提升。 
第五章阐述采用溶胶凝胶法将 LiCoO2 包覆在 LiNi0.8Co0.1Mn0.1O2 材料表面。
通过对不同包覆的研究发现，当包覆量为 1 wt%时，材料展现的电化学性能最优。
该复合材料在 3.0-4.3 V 的工作电压和 180 mA·g-1 的电流密度下，首圈放电比容
量达到 175.6 mAh·g-1，100 个循环后的容量保持率为 92.4%；而未经包覆处理的
材料 100 个循环后的容量保持率为 82.1%。交流阻抗数据表明：包覆后的材料电
荷转移阻抗增长受到抑制。LiCoO2 包覆层能抑制 NiO 相的生长。在空气中长时
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Abstract 
The Ni-baesd layered cathode materials, such as LiNixCoyMn1-x-yO2 (NCM), have 
been considered as one kind of promising cathode material. They posess the similar 
advantages of layered LiCoO2, LiNiO2 and LiMnO2. The Ni-based layered cathode 
materials have replaced LiCoO2 in some fields due to their low cost, high energy density 
and low toxicity. It’s urgent to find promising electrode material to satisify the demands 
for the battery with higher specific capacity, better cycling stability and thermal stability. 
The dissertation is devoted to the synthesis and surface modification of 
LiNi0.8Co0.1Mn0.1O2. First of all, the precursor, Ni0.8Co0.1Mn0.1(OH)2, was synthesized 
via a co-precipitation method, and then calcined with LiOH at high temperature to 
prepare LiNi0.8Co0.1Mn0.1O2. The synthesis conditions have been carefully optimized 
to obtain a spherical product with a good electrochemical performance. Secondly, the 
Li2MnO3-coated LiNi0.8Co0.1Mn0.1O2 was synthesized by a precipitation method. 
Compared to the bare sample, the thermal stability and electrochemical performance of 
coated sample have been improved. Thirdly, the LiCoO2-coated LiNi0.8Co0.1Mn0.1O2, 
synthesized via a sol-gel method, was prepared and investigated. The storage 
performance and electrochemical performance of the coated sample have been 
improved as expected. 
In Chapter 3, the precursor, Ni0.8Co0.1Mn0.1(OH)2, was prepared via a hydroxide 
co-precipitation method. The synthesis conditions, such as complexing agent 
concentration, feeding speed, mixing speed and reaction temperature, have been 
optimized carefully. The pH of reaction solution was set as 11.0, feeding speed 1 
mL·min-1, mixing speed 1000 r·min-1 and reaction temperature 55 ºC. The 
concentrations of sodium hydroxide solution and metal ion solution were 4 mol·L-1 and 
2 mol·L-1, respectively. The LiNi0.8Co0.1Mn0.1O2 was prepared as followed: the 
precursor mixed with 3% excess LiOH·H2O was calcined at 480 ºC for 6 h and then 
750 ºC for 15 h. The material shows an initial discharge capacity of 170.6 mAh·g-1 and 
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3.0 and 4.3 V. However, when charged and discharged between 3 to 4.5 V at the current 
density of 180 mA·g-1, the initial discharge capacity increases to 195.5 mAh·g-1, 
however, the capacity retention is only 75.7% after 50 cycles. 
In Chapter 4, the Mn(OH)2-coated Ni0.8Co0.1Mn0.1(OH)2 was prepared by a 
hydroxide precipitation method. When the presusor was mixed with LiOH·H2O and 
calcined at high temperature, we got the Li2MnO3-coated LiNi0.8Co0.1Mn0.1O2. The 
Li2MnO3-coated LiNi0.8Co0.1Mn0.1O2 shows a better thermal stability and 
electrochemical performance. When the charge/discharge cycle test is carried out at the 
current density of 180 mA·g-1 between 3.0 V and 4.5 V, the composite material exhibits 
an initial discharge capacity of 202.5 mAh·g-1 and a capacity retention of 86.4% after 
50 cycles. The results of DSC show a decreasing heat flow of the coated sample, 
indicating the improved thermal stability. The results of FT-IR and XRD indicate that 
the L2MnO3 coating layer can protect LiNi0.8Co0.1Mn0.1O2 from being reacted with CO2 
form the air, which would strengthen the storage performance of LiNi0.8Co0.1Mn0.1O2. 
In Chapter 5, the LiCoO2-coated LiNi0.8Co0.1Mn0.1O2 was prepared via a sol-gel 
method. When being charged and discharged at the current density of 170 mA·g-1 
between 3.0 and 4.3 V, the composite material exhibits a capacity of 175.6 mAh·g-1 and 
a capacity retention of 92.4% after 100 cycles, while the bare material shows a capacity 
of 170.6 mAh·g-1 and a capacity retention of 82.1%. The results of EIS indicate that the 
charge-transfer resistance of cathode material has been suppressed. The LiCoO2 coating 
layer can protect the surface of material from being reacted with CO2 form the air, thus 
suppressing the formation of Li2CO3. 
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汉顿大学的 M.S.Whittingham 于 1970 年代在埃克森石油公司工作时提出
的。他以硫化钛作为正极材料，金属锂作为负极材料，制成世界上首个锂












意图如图 1.1 所示。 
 
图 1.1 锂离子电池工作原理示意图[2] 






















1.2 层状 LiCoO2正极材料 
LiCoO2 于 1980 年，由当时在英国牛津大学工作的美国科学家
Goodenough和日本科学家水岛公一提出作为锂离子电池的正极材料。钴酸
锂为 α-NaFeO2层状结构，R3̅m 空间群。晶格中，O2-为面心立方紧密堆积，
占据 6c 位。而 Li+与 Co2+ 占据氧八面体间隙的 3a 位和 3b 位；O 和 Co 以
化合键结合，层与层之间的结合靠范德华力维持，锂离子的存在能够使层
间结构稳定[7]。 
LiCoO2 的理论比容量为 275 mAh·g-1,由于存在锂离子脱出量的限制,
其只允许少于一半的 Li+脱出,所以 LiCoO2实际容量约为 140 mAh·g-1。大
量的化学脱锂实验表明：LiCoO2的锂离子脱出量的限制与化学不稳定性相
关[8]。具体原因为：如图 1.2 所示，氧化还原电对 Co3+/4+:t2g能带与 O2-:2p
能带的顶部重叠，而 LiNiO2中的氧化还原电对 Ni3+/4+:eg能带与 O2-:2p 能带
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Fig. 1.2 Schematic illustration of the electronic structure of LiCoO2, 






1.3 尖晶石 LiMn2O4与层状 LiMnO2正极材料 
尖晶石 LiMn2O4 和层状 LiMnO2 都具有高工作电压、毒性小的特点，并且锰
元素在地壳中贮量丰富，故而生产成本低。二者被视作极具潜力的正极材料。 
尖晶石 LiMn2O4 存在容量衰减严重的问题，尤其是在 50 ºC 以上，问题尤为









少 Mn 被电解液溶解。 
尖晶石 LiMn2O4 因自身结构的限制，其放电容量比较低，限制了其得到应
用。同时，层状 LiMnO2拥有高达 285 mAh·g-1的理论容量，大约为尖晶石 LiMn2O4
的两倍[12, 20-24]。层状 LiMnO2 属于 α-NaFeO2 结构，单斜晶系，C2/m 空间群。由
于 Mn3+的电子分布为 t2g3eg1，存在 Jahn-Teller 效应，晶体结构会发生一定的扭
曲，使氧的排列呈现非理想的立方密堆积。相比于具有相近理论比容量的 LiCoO2
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